Objective To determine the prevalence of antimicrobial drug use and active healthcare-associated infections (HAIs) and to evaluate the appropriateness of antimicrobial therapy in acute care hospitals in Japan. Design A prospective multicentre cross-sectional study. Participants All hospitalised patients on a survey day. Main outcome measures The primary outcome was the proportion of patients receiving any antimicrobial agents. The secondary outcome was the proportion of patients with active HAIs. The reasons for antimicrobial drug use and appropriateness of antibiotic therapy were also investigated. results Eight hundred twenty eligible patients were identified. The median patient age was 70 years (IQR 55-80); 380 (46.3%) were women, 150 (18.3%) had diabetes mellitus and 107 (13.1%) were immunosuppressive medication users. The proportion of patients receiving any antimicrobial drugs was 33.5% (95% CI 30.3% to 36.8%). The proportion of patients with active HAIs was 7.4% (95% CI 5.6% to 9.2%). A total of 327 antimicrobial drugs were used at the time of the survey. Of those, 163 (49.8%), 101 (30.9%) and 46 (14.1%) were used for infection treatment, surgical prophylaxis and medical prophylaxis, respectively. The most commonly used antimicrobial drugs for treatment were ceftriaxone (n=25, 15.3%), followed by piperacillin-tazobactam (n=22, 13.5%) and cefmetazole (n=13, 8.0%). In the 163 antimicrobial drugs used for infection treatment, 62 (38.0%) were judged to be inappropriately used. Conclusions The prevalence of antimicrobial use and active HAIs and the appropriateness of antimicrobial therapy in Japan were similar to those of other developed countries. A strategy to improve the appropriateness of antimicrobial therapy provided to hospitalised patients is needed. trial registration number UMIN000033568
IntrODuCtIOn
The prevalences of inpatient antimicrobial drug use and healthcare-associated infections (HAIs) are 30%-50% [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] and 3%-10%, 2 5 9 12-19 respectively. Despite the common use of antimicrobial drugs in an inpatient setting, their use is often unnecessary or inappropriate.
11 13 19-25 Given the suboptimal use of antimicrobial drugs and the burden of HAIs, 13 26 27 it is important to improve antimicrobial drug use and reduce the incidence of HAIs in inpatient settings.
Nonetheless, few studies that determine the point prevalences of inpatient antimicrobial drug use and active HAIs in Japan have been conducted. 2 28 Moreover, there are no studies evaluating the appropriateness of inpatient antimicrobial therapy in Japan. 29 Given that suboptimal use of antimicrobial drugs and HAIs are common in other countries, knowing the pattern of antibiotic prescribing practice and the prevalence of HAIs in Japan is important. Therefore, we investigated the prevalence of antimicrobial drug use and active HAIs and evaluated the appropriateness of inpatient antimicrobial therapy in acute care hospitals in Japan.
MethODs study design and participants
A prospective cross-sectional study was conducted at the National Hospital Organization Tochigi Medical Center (on 2 August 2018) and the Saiseikai Utsunomiya Hospital (on 6 September 2018), which are strengths and limitations of this study ► This is the first multicentre study in Japan to determine the prevalences of antimicrobial use and active healthcare-associated infections (HAIs) in hospitalised patients. ► This is the first study to evaluate the appropriateness of antimicrobial therapy in an inpatient setting in Japan. ► This study was conducted at only two hospitals in Japan with a small sample of patients. ► The presence of active HAIs and the appropriateness of antimicrobial therapy were determined based only on electric medical records.
Open access the two largest acute care hospitals serving approximately 0.5 million individuals in Utsunomiya, Japan. These hospitals had antimicrobial stewardship teams composed of physicians, nurses, pharmacists and laboratory technicians at the time of this survey. The antimicrobial stewardship teams of both hospitals conducted weekly rounds to perform chart reviews of all hospitalised patients prescribed antimicrobial drugs for at least 2 weeks. All hospitalised patients prescribed either carbapenems or anti-methicillin-resistant Staphylococcus aureus drugs were also evaluated. In addition, the charts of all hospitalised patients in whom microorganisms had been isolated from blood culture were reviewed. In each weekly round, the teams recommended an appropriate type, dose and treatment duration of antimicrobial drug for each screened patient based on the results of microbial tests and antibiograms. All patients hospitalised at 08:00 on the survey day were included. Patients in the birth centre were excluded. This study was registered at the University Hospital Medical Information Network clinical registry on 31 July 2018.
Data collection and patient characteristics
Physicians (JK, TO, TY and MK) reviewed the electronic medical records and retrieved information on patient age, gender, residence before the index admission, medical history and medication use. Infection control nurses at each hospital collected information on the devices in place during the morning of the survey day. Information on antimicrobial drugs was retrieved from drug prescription data from electronic medical records. Based on a previous study, 1 the reasons for use of each antimicrobial drug were recorded and classified into the following five categories: treatment of infection, surgical prophylaxis, medical prophylaxis, a non-infection-related reason or unknown reason. Empirical antimicrobial therapy for suspected infectious disease was considered treatment. When there was no documentation regarding the reason for antimicrobial drug use in medical records (described in online supplementary table S1), the investigators attempted to infer the reason according to the following procedures. If there were any vital signs, physical signs, laboratory findings or microbial tests that met a case definition of infection, 30 the purpose of the antimicrobial drug use was judged to be treatment for infectious disease. If the patient did not have active infectious disease but there was evidence for use for prophylaxis or non-infection reasons, the purpose of the antimicrobial drug use was judged to be prophylaxis for infectious disease or non-infection reasons. If there was no evidence of active infectious disease or other reason for antimicrobial drug use, the purpose of the antimicrobial drug use was judged to be unknown. For patients who received antimicrobial therapy or had active HAIs, information on the anatomical site and type of infection and the results of microbial tests and cultures were collected. For antimicrobial drugs used for surgical prophylaxis, the duration and type of antimicrobial use were evaluated.
Outcome measures
The primary outcome was the proportion of patients who received antimicrobial drugs on the survey date. Investigators reviewed electronic medical records to determine whether the patients were receiving antimicrobial drugs. Based on a previous study, 1 a patient was considered to receive an antimicrobial drug if one of the following criteria was met: (1) the patient was prescribed or scheduled to be prescribed any antimicrobial drug on the survey date or the calendar day before the survey date and (2) the patient was undergoing dialysis and was prescribed or scheduled to receive parenteral vancomycin or an aminoglycoside during the 4 days before the survey date. Topical antimicrobial drugs and drugs used to treat HIV or viral hepatitis were excluded based on the previous study. 1 One secondary outcome was the proportion of patients who had active HAIs. HAIs were defined as the following: (1) infections occurring after the third day of the index admission, (2) surgical site infections related to surgery performed within the prior 30 days or within 1 year if an implant was in place during the surgery, (3) Clostridioides (Clostridium) difficile infection related to a previous hospitalisation within 28 days before specimen collection 4 20 30 31 or (4) infections related to a previous hospitalisation in an acute care hospital within the previous 48 hours. We included infections related to previous hospitalisations in acute care hospitals other than the studied hospitals because we wanted to determine the pattern of antimicrobial drug use for all acute care hospital-related infections. Infections that were symptomatic or treated with antimicrobial drugs on the survey date were considered active.
The other secondary outcome was the proportion of antimicrobial drugs that were judged to be used appropriately among all antimicrobial drugs used for treatment. There is no consensus regarding a definition of appropriate antimicrobial drug use. 32 Based on past studies, 19-23 33 34 the appropriateness of antimicrobial drug use for treatment was determined by evaluating the following points: (1) Indication: Does the patient have an infection that needs antimicrobial drugs? (2) Dose and timing: Is the dose or timing of the antimicrobial drug appropriate? (3) Duration: Is the duration of antimicrobial therapy appropriate? (4) Choice: Is the selected antimicrobial drug effective? (5) Spectrum: Are there no alternative antimicrobial drugs that are equally effective and have narrower spectrum activity? Antimicrobial therapy was judged to be appropriate if the answer to all five questions was 'yes'. Members of infection control teams of each hospital (including JK, TY and TO) assessed the appropriateness of antimicrobial drug use for treatment based on the results of microbial tests at the time of the survey, antibiograms of each hospital and the Infectious Diseases Society of America Practical Guidelines. 35 statistical analysis Descriptive statistics were used to describe the study population. Individual antimicrobial drugs were considered unique based on the World Health
Open access
Organization Anatomical Therapeutic Chemical classification and were analysed. Based on a previous study, 1 the following antimicrobial drugs were considered distinct drugs according to the formulations (enteral and parenteral): vancomycin, metronidazole, colistin, polymyxin B, amphotericin B, streptomycin and neomycin. For the primary outcome, the proportion of patients receiving any antimicrobial drugs on the survey date was calculated. For the secondary outcome, the proportion of patients who had any HAIs on the survey date was calculated. Regarding the appropriateness of antimicrobial therapy, the proportion of antimicrobial drugs that were judged to be used appropriately was calculated. The proportion of individual antimicrobial drugs among all antimicrobial drugs given to treat infection was also calculated according to subgroups that were used to treat community-onset infections and HAIs. Based on a previous study, 1 community-onset infections were defined as infections for which signs and symptoms began in community settings, including nursing facilities and rehabilitation facilities. However, community-onset infections that met the definition of HAIs were excluded. The 95% CIs were also calculated for these outcomes. Continuous and categorical variables were compared in patients receiving or not receiving any antimicrobial drugs using the Mann-Whitney U test and Fisher's exact test, respectively. These analyses were performed using the Excel statistical software package V.2.11 (Bellcurve for Excel; Social Survey Research Information Co., Tokyo, Japan) or Stata V.15, and the level of significance was set at 5%. 

Patient and public involvement statement
No patients were involved in determining the research question or outcome measures, nor were they involved in developing plans to design or implement the study. No patients were asked for advice during the interpretation or writing up of the results. There are no plans to disseminate the results of this research to study participants or the relevant patient community.
results On the survey date, 828 patients were identified. After excluding eight patients hospitalised in the birth centre, a total of 820 patients were included. The baseline characteristics of the surveyed patients are shown in table 1. The median number of days to the survey date from the index admission was nine (IQR 
*Values are the number of antimicrobial drugs, with the percentage of the total number of antimicrobial drugs in parenthesis according to the type of infections. †Community-onset infections were defined as infections for which signs and symptoms began in community settings, including nursing facilities and rehabilitation facilities. However, community-onset infections that met the definition of healthcare-associated infections were excluded. ‡Parenteral formulation of the drug.
Open access antimicrobial drugs were more likely than patients not receiving antimicrobial drugs to be admitted from home. Of all antimicrobial drugs administered to the patients, 163 (49.8%), 101 (30.9%) and 46 (14.1%) were used for treatment, surgical prophylaxis and medical prophylaxis, respectively (table 2). The first-and third-generation cephalosporins and penicillin combinations accounted for approximately half of all prescribed antimicrobial drugs (online supplementary table S4).
Of the 163 antimicrobial drugs used for treatment, 25 (15.3%) were ceftriaxone, 22 (13.5%) were piperacillintazobactam, 13 (8.0%) were cefmetazole, 12 (7.4%) were cefazolin and 12 (7.4%) were ampicillin-sulbactam (table 3 and online supplementary table S5 ). These five antimicrobial drugs accounted for half of the antimicrobial drugs used for treatment. The most common infection site for which patients received antimicrobial therapy was the lower respiratory tract (n=44, 27%), followed by the bloodstream (n=32, 19.6%), urinary tract (n=25, 15.3%) and hepatobiliary system (n=23, 14.1%) (online supplementary table S6). The most common specialty of physicians who prescribed antimicrobial drugs for treatment was internal medicine (n=73, 44.8%), followed by general surgery (n=33, 20.2%) (online supplementary table S7). The antimicrobial drugs prescribed by physicians of these two specialties accounted for approximately two-thirds of all antimicrobial drugs used for treatment.
Of 163 antimicrobial therapies, 62 (38.0%) were judged as inappropriate antibiotic use ( A total of 101 antimicrobial drugs were given to 99 patients for surgical prophylaxis (online supplementary table S8). The median duration of surgical prophylaxis was 2 days (IQR 1-3) . Of those, 70 (69.3%) were administered on two or more consecutive days. Cefazolin accounted for approximately half of the antimicrobial drugs used for surgical prophylaxis.
The proportion of patients who had active HAIs was 7.4% (95% CI 5.6% to 9.2%). Sixty-one patients had 63 active HAIs. The most common type of HAI was pneumonia (n=15, 23.8%), followed by clinical sepsis (n=10, 15.9%) and urinary tract infection (n=8, 12.7%) (table 5). The causative organisms were reported in 30 (47.6%) of all active HAIs. The most common causative organism was Klebsiella pneumoniae or K. oxytoca (n=7, 11.1%), followed by Escherichia coli (n=6, 9.5%), S. aureus (n=4, 6.3%) and Candida species (n=3, 4.8%) (online supplementary table S9). The most commonly used antimicrobial drugs given to treat HAIs were piperacillintazobactam (n=12, 17.1%), parenteral vancomycin (n=8, 11.4%) and cefazolin (n=8, 11.4%), while those given to treat community-onset infections were ceftriaxone (n=19, 20.4%), cefmetazole (n=11, 11.8%) and piperacillin-tazobactam (n=10, 10.8%) (online supplementary table S10).
DIsCussIOn
Prevalence, rationale and type of antimicrobial drug use The present study found that exposure of hospitalised patients to antimicrobial agents was common in Japan. Our findings are similar to those of European studies 3 4 6-8 12 and recent Chinese 9 and Japanese studies 2 showing that approximately one-third of hospitalised patients were receiving antimicrobial drugs. However, the prevalence of antimicrobial drug use reported in this study is lower than that of recent studies conducted in the USA, 1 China 10 and Southeast Asia. 5 11 Similar to recent studies, 1 2 4 5 8 the present study found that treatment for infection and surgical prophylaxis were the predominant reasons for inpatient antimicrobial drug use. The five most commonly used antimicrobial drugs for infection treatment were ceftriaxone, piperacillin-tazobactam, cefmetazole, cefazolin and ampicillinsulbactam. Compared with their reported use in the US Open access survey, 1 the use of levofloxacin and vancomycin was less common in the present study. The four most common infection sites for which patients received antimicrobial therapy were the lower respiratory tract, bloodstream, urinary tract and hepatobiliary system. Thus, focusing the target of antimicrobial stewardship on the antimicrobial drugs used for these infections and surgical antimicrobial prophylaxis may address the problems of inpatient antimicrobial drug use in the region around the studied hospitals.
Prevalence, type and causative organisms of active hAIs This study found that one in every 14 patients had at least one HAI. This prevalence of HAIs is similar to that reported in past studies. 2 5 9 12-19 The most common types of HAIs were pneumonia, clinical sepsis, urinary tract infection, bloodstream infection and surgical site infection. These five infections accounted for more than two-thirds of all HAIs. The most common causative organisms were K. pneumoniae or K. oxytoca, E. coliand S. aureus, consistent with past studies, 5 12 15 whereas Pseudomonas aeruginosa seemed to be isolated less frequently in the present study than in previous studies. Given that isolation of P. aeruginosa is uncommon in this study, the use of anti-Pseudomonas penicillins, such as piperacillin with or without tazobactam, can be reduced.
Appropriateness of antimicrobial drug use
The proportion of antimicrobial drugs that were used inappropriately was 38.0%. Our results are consistent with those of past studies 11 19-25 showing that inappropriate or unnecessary antimicrobial therapy is common, although the methods of assessing the appropriateness of antimicrobial therapy differ among studies. The most common reasons for inappropriateness of antimicrobial drug use were the drug's spectrum and its use without indications. This result is consistent with past studies showing that antimicrobial use without indication 11 19-25 and unnecessary use of antimicrobial drugs with broad spectrums 21 are common.
More than 30% of antimicrobial therapy involving ceftriaxone, piperacillin-tazobactam, cefmetazole and ampicillin-sulbactam was inappropriate; these drugs were four of the five most common antimicrobial drugs used for treatment in this study. Most cefazolins, which represented one of the five most common types of antimicrobial drugs used for treatment, were appropriately used for treatment. These results are similar to those of a past study 22 reporting that narrow-spectrum cephalosporines were associated with a lower risk of inappropriate use of antimicrobial drugs and that amoxicillin-clavulanic acid was associated with a higher risk of inappropriate use of antimicrobial drugs. Given that the prevalences of the therapeutic use of ceftriaxone, piperacillin-tazobactam, †One infection was related to a previous hospitalisation in an acute care hospital other than one of the studied hospitals. ‡One infection was a urethral stent-associated infection, and three were urethral catheter-associated infections.
Open access cefmetazole and ampicillin-sulbactam are high, these four antimicrobial drugs may serve as suitable targets of antimicrobial stewardship interventions. Among the four most common sites of infection, urinary tract infection had the highest proportion of inappropriate antimicrobial therapy in the present study, although several past studies reported that appropriateness of antimicrobial therapy for urinary tract infection was higher than that for other site infections. 23 36 In this study, most antimicrobial therapies were provided by physicians of internal medicine and general surgery. Consistent with previous studies, 3 11 20 24 25 36 our study found that the rate of inappropriate antimicrobial therapy was higher for physicians of general surgery than for those of internal medicine. Thus, focusing antimicrobial stewardship interventions on urinary tract infections and the specialty of general surgery may be useful.
We did not collect information on surgeries in which antimicrobial drugs were used for surgical prophylaxis. Therefore, the appropriateness regarding the choice of antimicrobial drugs for surgical prophylaxis remains unknown. However, more than two-thirds of the antimicrobial drugs used for surgical prophylaxis were administered for durations longer than 1 day, whereas a duration of antimicrobial drugs for surgical prophylaxis of 1 day or less has been found to be sufficient in most cases. 37 Moreover, given that antimicrobial surgical prophylaxis beyond 48 hours may be associated with acquired antimicrobial resistant organisms, 38 it is problematic that more than a third of the drugs were administered for more than 2 days. An unnecessarily long duration of surgical antimicrobial prophylaxis was found to be common in past studies investigating the antimicrobial drug use for surgical prophylaxis. 2-5 39-42 Given that approximately 30% of all inpatient antimicrobial drugs were given for surgical prophylaxis, it is important to improve the duration of surgical antimicrobial prophylaxis. Moreover, additional studies investigating the appropriateness of the choice of antimicrobial drugs for surgical prophylaxis in Japan are needed.
strength and weakness
This study was the first multicentre survey in Japan to determine the prevalences of antimicrobial drug use and active HAIs. Furthermore, it was also the first to evaluate the appropriateness of antimicrobial therapy provided to hospitalised patients in Japan. In addition, we included all patients except those hospitalised in a birth centre.
Nonetheless, these results presented here should be interpreted in the context of several limitations. First, we did not confirm the administration of antimicrobial drugs directly but determined the antimicrobial drug use by reviewing electronic medical records. Therefore, the prevalence of antimicrobial drug use might be overestimated if some antimicrobial drugs were ordered but not administered. Second, we investigated the outcomes over a 2-day period. Therefore, antimicrobial drugs that were used for a longer period might be overrepresented relative to those used for a shorter period. 1 Third, we did not contact the patients directly to collect data. Therefore, the prevalence of active HAIs might be underestimated unless the primary physicians caring for the patients noticed and documented a sign of HAIs appropriately. However, a past study reported that reviewing the medical records only did not yield results different from those obtained from the direct evaluation of patients to detect HAIs. 43 Fourth, we investigated only two hospitals located in one region of Japan. Moreover, the hospitals surveyed in this study did not care for patients who needed organ transplantation. Given the variation in antimicrobial drug use and its appropriateness, 19 44 45 our results cannot be generalised to other hospitals. However, in a recent Japanese study using sales data, which covered 98% of the total sales for antimicrobial drugs in Japan, the first-and third-generation cephalosporines and penicillin combinations, which were the most commonly used antimicrobial drugs in the present study, accounted for the top three antimicrobial drugs consumed. 28 Fifth, the frequency of isolation of P. aeruginosa was less frequent in this study (online supplementary table S11) than in past studies. 2 5 12 15 Moreover, the surveyed hospitals already had antimicrobial stewardship teams. Therefore, our results may not be applicable to other hospitals without antimicrobial stewardship teams. Sixth, primary physicians caring for the patients were not contacted. Given that no reasons were documented in approximately 30% of all patients surveyed in this study, rationales for antimicrobial drug use and assessment of appropriateness for antimicrobial therapy might be inaccurate. However, past studies also reported poor documentation of the reasons for antimicrobial drug use. 1-3 12 23 46 This poor documentation of reasons for antimicrobial drug use needs to be improved in the future. Seventh, the appropriateness of not receiving antimicrobial therapy was not evaluated in this study. Therefore, the appropriateness of antimicrobial therapy may be underestimated. However, past studies reported that the inadvertent omission of antimicrobial therapy to patients was uncommon. 19 22 Eighth, we did not evaluate the appropriateness of the choice of antimicrobial drugs for surgical prophylaxis, medical prophylaxis, non-infection or unknown reasons. Ninth, we did not determine the proportion of antimicrobial drugs used for treatment after receiving microbial tests among all the antimicrobial drugs used for treatment. Finally, we included infections related to previous hospitalisations in acute care hospitals other than the studied hospitals as HAI. Therefore, the prevalence of HAIs in the present study might be overestimated relative to that reported in previous studies. However, only one of 63 active HAIs was attributed to previous hospitalisation in another acute care hospital.
Implications for clinical practice
The exposure of hospitalised patients to antimicrobial drugs in Japan is common, consistent with findings in other countries. Nonetheless, the appropriateness of Open access antimicrobial therapy is suboptimal, and the duration of surgical antimicrobial prophylaxis seems unnecessarily long. Given that the majority of antimicrobial drugs are used for antimicrobial therapy and surgical prophylaxis, some efforts to improve inpatient antimicrobial drug use are needed. Our findings suggest that focusing the antimicrobial stewardship on the spectrum of antimicrobial drugs and indication of their use may be effective. Regarding the spectrum of antimicrobial drugs, antibiotic de-escalation based on the results of microbial tests may be useful. 47 Furthermore, given that the isolation of P. aeruginosa appears infrequently and that the use of anti-Pseudomonas penicillins is common, reducing the use of anti-Pseudomonas penicillins as an initial empirical therapy may be effective. Regarding the indications for antimicrobial drug use, monitoring and feedback by antimicrobial stewardship teams may be useful. 48 
COnClusIOns
In Japan, one in every three hospitalised patients is exposed to antimicrobial drugs, and 1 in every 14 hospitalised patients has active HAIs. The most common reasons for antimicrobial drug use are infection treatment and surgical prophylaxis. Because the appropriateness of antimicrobial therapy and surgical antimicrobial prophylaxis is suboptimal, some efforts to improve inpatient antimicrobial drug use for these purposes are needed. Nonetheless, given the limitation due to the small sample size of the present study, further large studies should be conducted to investigate the prevalence and appropriateness of antimicrobial drug use in Japan.
